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(54) [Title of the invention] Epoxy resin composition comprising iron-arene complex and 
specific amine 



(57) [Summary] (with corrections) 
[Objective] To obtain epoxy resin composi- 
tion having excellent storage stability. 
[Constitution] Composition comprising 
epoxy resin, (rj^-isopropyl-benzene) (tj^- 
cyclo-penta-dienyl) iron(n) hexa fluoro- 
antimonate and 2,6-di-isopropyl-aniline). 
[Effect] It is stable in storage in room 
temperature for considerably long time even 
after irradiation of radiation, and fiirther it 
still rapidly cures at increased temperature. 
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[Claims] 

[Claim 1 ] Curing composition being com- 
posed by comprising, (a) epoxy resin, 
(b) iron-arene complex which is shown by 
following formula I: 
[Formula 1] 

[Ri(Fe%)a]^''%b[X]" (I), 
[in the formula, a and b are mutually inde- 
pendent and show 1 or 2, Ri shows ji-arene, 
R2 shows Ji-arene or indenyl or cycro-penta- 

dienyl anion, X shows anion [LQ] or anion 
of partially fluolated or per-fluolated aliphatic 
or aromatic sulfonic acid, L shows B, P, As or 
Sb, Q shows fluorine atom or some of the 
group Q may show hydroxyl group, and m 
shows atomic value 1 grater than L], and 
stabiUzer being selected from a group com- 
prising, (c) (cl) aromatic amine having pKa 
value 2 to 5 and containing 1 to 4 of NH2 
groups or at least one substituted group at 
ortho-position of the amino group (these 
substituted group show alkyl group of carbon 
number 1 to 10, alkoxyl group of carbon 
number 1 to 10, cyclo-alkyl group of carbon 
number 5 and 6, aryl group of carbon number 
6 to 10, or halogen atom, however, halogen 
atoms do not exist at all at both ortho- 
positions of the amino group), or (c2) aro- 
matic amine having pKa value 2 to 5 and 
containing 1 to 4 of NH2 groups and one 
substituted group at ortho- or para- position of 
the amino group (these substituted groups 
show -COOH group, -COOR group, -COR 
group, -SO2R group or -SOR group, and R 
shows -H group, alkyl group, cyclo-alkyl 
group, aryl group, amino-aryl group or 
-R5-OOC-C6H4-NH2 group, and R5 shows 
alkylene group), or (c3) bi-pyridine; and 
containing 0.1 to 10 weight percent of the 
component (b) and 0.02 to 5 weight percent of 
the component (c) in the epoxy resin (a). 
[Claim 2] Composition being described in 
Claim 1 wherein the component (cl) contains 
one or two of NH3 group, pKa value is 3 to 
4.S and has at least one alkyl group at ortho- 
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position of each amino group. 

[Claim 3] Composition being described in 

Claim 1 wherein the component (cl) is 2,6-di- 

alkyl aniline or a compound which is shown 

by following formula II: 

[Formula 2] 




04 R4 

[in the formula, R3 shows chlorine atom or 
alkyl group, and R4 shows hydrogen atom or 
alkyl group]. 

[Claim 4] Composition being described in 
Claim 3 wherein the component (cl) is 2,6-di- 
alkyl aniline or a compo\md which is shown 
by formula n [in the formula, R3 and R4 
mutually independently show alkyl group of 
carbon atom number 1 to 3, preferably methyl 
group, ethyl group or iso-propyl group]. 
[Claim 5] Composition being described in 
Claim 1 wherein the component (c2) contains 
one or two of NH3 group and has pKa value 2 
to 3.5. 

[Claim 6] Composition being described in 
Claim 1 wherein the component (c2) is 
anthranilic acid or compound which is shown 
by following formula III: 
[Formula 3] 




COD. 



[in the formula, T is CO group, SO group or 
preferably SO2 group, -COO(CH2CH20)OC- 
group or -<:00(CH2)00C- group (in the 
formula, n shows 2 to 6, preferably 2)]. 
[Claim 7] Composition being described in 
Claim 1 wherein the component (c3) is 2,3'-, 
2,4'-, 3,3'-, 4,4'. and preferably 2,2'- 
piperidine. 

[Claim 8] Composition being described in 
Claim 1 wherein the iron-arene complex (b) is 
shown by formula I [in the formula, a and b 
show 1 , R] shows stilbene group or benzene 
or naphthalene group (this is substituted with 
1 or 2 of alkyl groups of carbon number 1 to 4 
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or alkoxyl group of carbon number 1 to 4), R2 
shows non-substituted cyclo-penta-dienyl 

anion, and X' shows BF4", PFe', AsFe", 
CH3SO3" and preferably SbF6']. 
[Claim 9] Composition being described in 
Claim 8 wherein the Ri in the formula shows 
iso-propyl benzene group or methyl- 
naphthalene group, and X" shows SbF6'. 
[Claim 10] Composition being described in 
Claim 1 containing 0.2 to 5 weight percent, 
preferably 0.5 to 2 weight percent of the 
component (b) and 0.05 to 2 weight percent, 
preferably 0.1 to 1 weight percent of the 
component (c) to the epoxy resin (a). 
[Claim 11] Composition being described in 
Claim 1 comprising electron receptor as 
oxidant and/or sensitizer for the compound 
being shown by the formula I, in addition to 
the component (a), (b) and (c). 
[Claim 12] Prepreg comprising fibrous 
substrate and the composition being described 
in Claim 1. 

[Claim 13] Prepreg comprising activated 

composition which is able to be obtained by 
irradiating the fibrous substrate and the 
composition being described in Claim 1. 
[Claim 14] Laminate, which is able to be 
obtained by applying heat-activation curing to 
the prepreg being described in Claim 12 or 
Claim 13. 

[Claim 15] Production method of laminate 
comprising, 

i) a process to form a layer by contacting a 
fibrous substrate with the curing composition 
being described in Claim 1, 

ii) a process to form a continuous layers 
comprising at lest 2 types of laminated 
materials to be bonded together and at least 
one type of them is a layer which is able to be 
obtained by the process i) (wherein the curing 
material is practically in a form of not de- 
formed yet), and 

iii) a process to compress said continuous 
layers at increased temperature wherein 
pressure and temperature are selected so that 



liquid matrix resin is formed and the resin 
viscosity is reduced so that entrapped gas is 
almost completely escape fi^om the continuous 
layer at early stage, then increase of viscosity 
in consecutive crosslinking reaction so that 
the flow of resin from compression forming 
mold is fast enough not to cause adhesion of 
this forming mold. 

[Claim 16] A method being described in 
Claim 15 comprising conducting process ii) 
and iii) so that the web comprising material 
which is able to be obtained from the process 
i) will simultaneously pass through a continu- 
ous laminating machine which is able to apply 
heat, together with web comprising other 
laminated material to be bonded together as 
desired, for a continuous body of individual 
desired layers. 

[Detailed explanation of the invention] 
[0001] 

[Application field in industry] This inven- 
tion concerns epoxy resin, curing epoxy resin 
composition comprising specific iron-arene 
complex as initiator and specific anfoine as 
stabilizer, prepreg and laminate which are 
able to be obtained by using said composition, 
and production method of said laminate. 
[0002] 

[Prior technology] Cation curing mixture 
containing metallocene complex salt con- 
taining iron-arene complex has been disclosed 
as initiator in EP-A-94915. 
[0003] In order to produce epoxy resin base 
laminates, normally selected mixture of 
hardener/promoter, a mixture of di-cyan-di- 
amine/ benzyl-di-methyl-amine, for example, 
is used. Resin composition must satisfy many 
requirements and some of them are difficult to 
be mutually harmonized. Therefore, prepreg 
must have sufficient storage stability, for 
example, and rapid and sufficient curing of 
the matrix resin should occur in a compres- 
sion forming mold. Further, the matrix resin 
should have reduced viscosity at the initiation 
of forming process so that captured gas may 
be able to be removed from the material to be 
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formed. However, the reduction of viscosity 
should be limited to the degree that the resin 
will not flow out of fibrous matrix at no more 

than minimum quantity. 
[0004] Production method of epoxy resin 
base laminate using specific iron-arene 
complex as initiator has been disclosed in EP- 
A-323584. In this method, the iron-arene 
complex is activated with irradiation in order 
to form comparable Lewis acid which initi- 
ates cation polymerization of epoxy resin. 
This method of the prior technology is able to 
do rapid thermal curing of matrix resin for 
providing a laminate having good property, 
however, storage stability of the matrix resin 
after irradiation does not well meet the all 
requirements. These epoxy resins being 
irradiated, which means containing activated 
initiator rapidly increase their melt viscosities 
in room temperature, and forming conditions 
will change, therefore, they should be ther- 
mally cured in relatively short time after 
irradiation. Therefore, it is only possible to 
store prepreg being obtained by using these 
resins at low temperature, 0 °C or less, for 
example. 
[0005] 

[Problems to be solved by this invention] 
Surprisingly, addition of minimum amount of 
specific amine to epoxy resin compositions of 
prior technology was foimd to have a stabili- 
zation effect that the compositions being 
obtained with it is stable in storage in room 
temperature for significant periods (30 days 
for example) even after irradiation, and 
ftirther they still rapidly cure at increased 
temperature. 
[0006] 

[Means to solve the problems] 

Accordingly, this invention concerns 
curing composition being composed by 
comprising, (a) epoxy resin, 
(b) iron-arene complex which is shown by 
following formula I: 
[Formula 1] 

[R,(Fe"R2)a]^*'%b[X]' (I), 



[in the formula, a and b are mutually inde- 
pendent and show 1 or 2, Ri shows Jt-arene, 
R2 shows Ji-arene or indenyl or cyclo-penta- 

dienyl anion, X" shows anion [LQ]" or anion 
of partially fluorinated or per-fluorinated 
aliphatic or aromatic sulfonic acid, L shows 
B, P, As or Sb, Q shows fluorine atom or 
some of the group Q may show hydroxyl 
group, and m shows atomic value 1 grater 
than L], and stabilizer being selected from a 
group comprising, (c) (cl) aromatic amine 
having pKa value 2 to 5 and containing 1 to 4 
of NH2 groups or at least one substituted 
group at ortho-position of the amino group 
(these substituted group show alkyl group of 
carbon number 1 to 10, aUcoxyl group of 
carbon number 1 to 10, cyclo-alkyl group of 
carbon number 5 and 6, aryl group of carbon 
number 6 to 10, or halogen atom, however, 
halogen atoms do not exist at all at both 
ortho-positions of the amino group), or (c2) 
aromatic amine having pKa value 2 to 5 and 
containing 1 to 4 of NH2 groups and one 
substituted group at ortho- or para- position of 
the amino group (these substituted groups 
show -COOH group, -COOR group, -COR 
group, -SO2R group or -SOR group, and R 
shows -H group, alkyl group, cyclo-alkyl 
group, aryl group, amino-aryl group or 
-R5-b0C-C6H4-NH2 group, and R5 shows 
alkylene group), or (c3) bi-pyridine; and 
containing 0. 1 to 10 weight percent of the 
component (b) and 0.02 to 5 weight percent of 
the component (c) in the epoxy resin (a). 
[0007] The composition of this invention is 
able to rapidly thermally cure and suitable for 
producing prepreg with good storage stability 
which is able to be compression formed into 
laminate having excellent properties. 
[0008] Therefore, this invention also con- 
cerns prepreg comprising fibrous substrate 
and composition of this invention which is 
activated with irradiation, and laminate which 
is obtained by thermal curing of this prepreg. 
[0009] Suitable substrates are all ordinary 
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fibers which are able to compose composite 
structure with the epoxy matrix resin and 
reinforce the matrix material. The fibrous 
materials are, representatively; natural poly- 
mer, cellulose for example; metal, steel, Ti, 
W, Ta or Mo, for example; organic fiber 
forming poljmier, especially aromatic poly- 
amide, Nomex or Kevlar for example; and 
carbon materials obtained by carbonizing 
cellulose, poly-acrylonitrile, or bitumen, fro 
example; and preferably glass. 
[0010] The fibrous materials may be used in 
broad range of forms. Therefore, they may be 
used as, continuous filament (monofilament 
or fiber strand), continuous filament yam, 
roving, continuous filament yam cloth, multi- 
strand roving, roving cloth, ground fiber, 
continuous strand mat, chopped strand mat, 
and nonwoven fabric or felt (paper). 
[0011] Contacting of the fibrous substrate 
and curing composition may be done by broad 
range of methods according to types and 
forms of fibers and properties of matrix resin. 
Representative examples of this method are 
impregnation of a mixture of liquid resin / 
photoinitiator / stabilizer or mixed solution of 
liquid resin / photoinitiator / stabilizer in inert 
solvent into cloth, nonwoven fabric or con- 
tinuous filament 

[0012] A layer containing chopped strand is 
able to be formed by coating a curing compo- 
sition together with chopped fiber on cloth or 
metal foil, for example. 
[0013] The contact of the fibrous substrate 
and curing composition is desired to be done 
by impregnation. Said substrate of cloth 
passes through a resin bath containing epoxy 
resin, initiator, stabilizer and solvent if 
necessary. After drying they are wound on a 
spool if desired. 

[0014] This invention is further concerns 
production method of laminate comprising, 

i) a process to form a layer by contacting a 
fibrous substrate with the curing composition 
being described in Claim 1, 

ii) a process to form a continuous layers 
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comprising at lest 2 types of laminated 
materials to be bond^ together and at least 
one type of them is a layer which is able to be 
obtained by the process i) (wherein the curing 
material is practically in a form of not de- 
formed yet), and 

iii) a process to compress said continuous 
layers at increased temperature wherein 
pressure and temperature are selected so that 
liquid matrix resin is formed and the resin 
viscosity is reduced so that entrapped gas is 
almost completely escape fi-om the continuous 
layer at early stage, then increase of viscosity 
in consecutive crosslinking reaction so that 
the flow of resin fi-om compression forming 
mold is fast enough not to cause adhesion of 
this forming mold. 

[0015] It is desirable to irradiate the impreg- 
nated layer before the process ii), and as a 
result, the hardener which is shown by 
formula I is converted to active state. Fol- 
lowing heating-activation curing may be done 
at lower temperature than direct heating- 
activation curing with this treatment. 
[0016] From this point, desirable method 
comprises the process i), ii) and iii) as defined 
by above described, and the additional 
irradiation process ia) is done before the 
process ii) by irradiating hardener which is 
shown by formula I using chemical ray in 
order to activate the hardener. This additional 
process may be done by irradiating the 
prepreg being formed in the process i) or 
impregnating a mixture of epoxy resin and 
initiator, which is shown by formula I which 
has been irradiated in advance, into fibrous 
substrate. Intensity and wave length of 
irradiation ray to be used will depend on the 
property of initiator. Absorption of initiator 
may be within UV region or visible region, 
250 to 600 imi, for example, according to the 
structure of arene ligand. 
[0017] According to the property of latent 
hardener, the curing composition may fiirther 
contain sensitizer for said hardener. 
[0018] In order to increase viscosity of resin 
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prior to applying the process ii) after impreg- 
nation and irradiation, heating the material for 
70 to 120 °C, for example, will be convenient. 
[0019] In the process ii), desired number of 
individual layer comprising materials being 
obtained in advance are laminated. This 
layers may be composed with those compris- 
ing identical material, or additive layers 
comprising other materials may exist. The 
layers comprising other materials are repre- 
sentatively foil, for example copper or alumi- 
num foil, or other reinforced material, for 
example mat or nonwoven fabric made of 
fibrous reinforcement material. 
[0020] In the process iii), the parts being 
obtained in the process ii) are compression 
formed then cured by heating. The opera- 
tional condition in the process ii) may be held 
constant or varied. Therefore for example, 
the temperature and pressure of the first 
process may be adjusted so that viscosity of 
resin will reduce to desired range as a result 
of increase of temperature while practically 
curing does not occur at all yet or curing 
speed is very slow. The pressure and/or 
temperature may be increased to obtain 
desired increase speed of viscosity. These 
increase may be done continuously or inter- 
mittently. For example, because pressure is 
able to be increased proportionally to the 
increase of viscosity, and as a result, the 
temperature increases continuously. 
[0021] However, the pressxire and tempera- 
ture are able to be set at the start of the 
process ii), therefore, crosslinking almost 
immediately starts, as a result. This operation 
is convenient in a case of low viscosity matrix 
resin. Initial compression in this case nor- 
mally eliminates entrapped gas from laminate. 
In this type of system, normally there only is 
a reduction of viscosity for a short time before 
the curing increases the viscosity. 
[0022] The process iii) is able to be done by 
non-continuously with a multi-stage press or 
continuously with continuous laminator. 
[0023] In desirable form of this method, the 
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process ii) and iii) are continuously done. In 
this method, web made of a material which is 
able to be obtained in the process i) is sent 
through a continuous lanraiator being able to 
heat simultaneously with desired layers 
continuous body with web comprising other 
laminated material in order to bond together 
as desired. 

[0024] The process i) may be done sepa- 
rately from said form of this method by 
having a fibrous substrate contact with a 
curing composition then winding thus ob- 
tained web on a spool. 

[0025] However, the process i) may be done 
simultaneously with the processes ii) and iii) 
by simultaneously passing a web comprising 
fibrous substrate through a resin bath prior to 
the process ii). 

[0026] In the continuous process, use of 
rapid activation initiator which is shown by 
formula I is especially desirable. As those 
initiators, compounds being shown by for- 
mula I (in the formula, X" shows AsFg", and 
most preferably it shows SbFg"). 
[0027] In the normal method which is above 
described form, chemical ray is irradiated to 
the web comprising impregnated material 
prior to have it pass through a continuous 
laminating machine. Irradiation may be done 
prior to the impregnation or immediately after 
the impregnation, or immediately before the 
actual contacting process. 
[0028] The compression forming pressure in 
the process ii) is normally 1 to 60 bar, pref- 
erably 10 to 50 bar. Curing temperature is 
generally 50 to 200 ^C, preferably 80 to 200 
°C and most preferably it is 100 to 200 °C. 
Compression time depends on individual 
curing composition and it is 0.1 to 120 
minutes, preferably 0.1 to 60 minutes, and 
most preferably it is 0.1 to 20 minutes. 
[0029] The most preferable fibrous substrate 
in the process i) is glass cloth or paper. 
[0030] The compression pressure and the 
temperature normally depends on curing 
composition being used. The controlling 
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factors in selection of experimental parame- 
ters are representatively reactivity and bond- 
ing condition of individual resin/hardener 
mixture. 

[0031] Said conditions which are necessary 
for individual cases are able to be selected 
and optimized based on above described 
standards. 

[0032] Stabilizer components (c) which are 
suitable for the composition of this invention 
are aromatic amine (cl) and (c2) of above 
described definition containing 1 to 4 of NH2 
groups. Those compounds containing 2, 3 or 
4 of NH2 groups are able to be conveniently 
produced by condensation bonding substi- 
tuted aniline [component (cl)] with aldehyde 
or ketone, formaldehyde for example, or by 
reacting amino acid [component (c2)] with a 
compound which is able to ester condensation 
bond and containing 2 to 4 of OH groups, for 
example. 

[0033] The amines to be used as the compo- 
nents (cl) and (c2) may be mono-nuclear or 
bi-nuclear. The bi nuclear compound may 
contain condensation and non-condensation 
circles. 

[0034] Alkyl section of the alkyl substituted 
group or alkoxyl substituted group of the 
component (cl) may be linear chain or 
branched chain. Suitable alkyl groups are 
representatively methyl group, ethyl group, n- 
propyl group and iso-propyl group, butyl 
group, pentyl group, hexyl group, octyl group 
and decyl group. Suitable cyclo-alkyl groups 
are representatively, cyclo-pentyl group and 
cyclo-hexyl group. Suitable aryl groups are 
representatively, phenyl group and naphthyl 
group. Suitable halogen substituted groups 
are, iodine atom, bromine atom and desirably 
chlorine atom. 

[0035] desirable component (c 1 ) contains 
one or two of NH2 groups and has pKa value 
3 to 4.5, and has at least one of alkyl group at 
ortho-position of each amino group. Espe- 
cially desirable component (cl) is 2,6-di-alkyl 
aniline or compounds which are shown by 
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following formula 11: 
[Formula 5] 




R4 R4 

[m the formula, R3 represents chlorine atom 
or alkyl group, and R4 shows hydrogen atom 
or alkyl group], however, preferably they are 
2,6-di-isopropyl aniline or compounds being 
shown by the formula II [in the formula, R3 
and R4 are mutually independent and show 
alkyl group of carbon number 1 to 3, prefera- 
bly methyl group, ethyl group or isopropyl 
group]. 

[0036] Especially suitable and representa- 
tive examples are, 2,6-di-isopropyl aniline, 
bis(4-amino-3,5-diethyl-phenyl)methane, 
bis(4-amino-3-methyl-5-isopropyl- 
phenyl)methane, bis(4-amino-3-ethyl-5- 
methyl-phenyl)methane, bis(4-amino-3,5- 
diethyl-phenyl)methane, bis(4-amino-3- 
methyl-phenyl)methane, and bis(4-amino-3- 
chloro-phenyl)methane. 
[0037] The substitute group in ortho- or 
para- position against the amino group of the 
stabilizer component (c2)electron supplying 
group for example, carboxyl group, ester 
group, carbonyl group, sulfone group or 
sulfoxide group. 

[0038] Group R in these groups show alkyl 
group, cyclo-alkyl group, aryl group, and 
those which are described regarding corre- 
sponding substituted groups of the component 
(cl) meet said groups. 

[0039] R as the amino-aryl group are repre- 
sentatively amino-naphthyl group or amino- 
phenyl group, for example l-amino-4- 
naphtylgroup, 2-amini-6-naphtyl group, 2- 
amino-7-naphtyl group or 2-, 3- and prefera- 
bly 4-amino-phenyl group. 
[0040] When R shows 
-Rr-OOC-C6H4-NH2 group, R5 preferably ^ 
shows allcylene group of carbon nimiber 2 to 
10, and amino group preferably exists at para- 
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position of the phenyl cycle. 
[0041] Desirable component (c2) is a 
compound containing one or two of NH2 
group and having 2 to 3.5 of pKa value. 
Examples of desirable compounds are an- 
thranyl acid or compound being shown by 
following formula III: 
[Formula 6] 





NH9 



[in the formula, T shows CO group, SO 
group, and preferably SO2 group, 
-COO(CH2CH20)OC- group or 
-C00(CH2)00C- group (in the formula, 2 
shows 2 to 6, preferably 2)]. 
[0042] Suitable components (c2) are repre- 
sentatively, 4-amino benzoic acid, anthranyl 
acid, bis(4-amino-phenyl)sulfone, bis(4- 
amino-phenyl)sulfoxide, bis(4-amino- 
phenyl)ketone, 1,3-propane-diol- bis(4- 
amino-benzoate) or di-, tri- or tetra-ethylene- 
glycol- bis(4-amino-ben2oate). 
[0043] Concrete examples of suitable bi- 
pyridine for the use as the component (c3) 
are, 2,3-, 2,4-, 3,3*-, 4,4*- and preferably 2,2'- 
pipyridine. These components (c3) are less 
desirable stabilizers than said amine compo- 
nents (cl)and (c2). 

[0044] The stabilizer components (cl) and 
C2) may be used by themselves in curing 
mixture, or if appropriate, it may be partially 
or completely reacted with the epoxy resin 
prior to the addition of iron-arene complex 
(b). This pre-reaction is desired to be done at 
increased temperature, for example ICQ to 
200 °C. However, in the form of this inven- 
tion, desired form is a form to use the compo- 
nents (cl) and (c2) without pre-reaction. 
[0045] As described above, the stabilizer (c) 
practically improves storage stability of 
compositions of this invention after activation 
of photo-initiator after irradiation without 
causing heating-activation crosslinking 
reaction which should be done after the 
storage. This crosslinking still occurs rapidly 
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and completely at increased temperature, and 
provides crosslinked products having excel- 
lent properties. 

[0046] This characteristic is totally aston- 
ishing because opposite behavior of specific 
amine being combined with iron-arene 
complex for curing epoxy resin has been 
disclosed in EP-A-2952 1 1 . In said publica- 
tion, epoxy resin base positive type photo- 
resist composition is disclosed, and this 
composition contains iron-arene complex as 
photo-initiator in addition to containing latent 
urea or imidazole curing agent. The irradi- 
ated regions of positive type resist is signifi- 
cantly different in their cure level from the 
cure level of not irradiated regions. After heat 
treatment, not irradiated regions completely 
cure, thus those become practically insoluble 
in normally used development solutions, and 
as a result, irradiated regions are soluble in 
the same development solutions because they 
are hardly cured yet. This characteristic is 
based on the mutual effect of the iron-arene 
complex initiator, and it is activated by using 
urea or imidazole curing agent within irradi- 
ated regions, and as a result, the activation 
initiators are not effective curing agent in heat 
treatment as well as amine curing agent. 
[0047] Surprisingly, the stabilizer (c) of this 
invention is able to improve the storage 
property of irradiated compositions without 
harming workability and final properties of 
them. 

[0048] Almost all epoxy resins are suitable 
for the use as the epoxy resin (a) of the 
composition of this invention. Concrete 
examples of those epoxy resins are as follows. 
[0049] I) Poly-glycidyl and poly(p-metiiyl- 
glycidyl) ester which are able to be obtained 
by reacting a compoimd having at lest two of 
carboxyl groups in a molecule with 
epichlorohydrin or glycerol-di-chlorohydrin, 
or (p-methyl-epichlorohydrin. 
[0050] Aliphatic poly-carboxylic acid may 
be used as the compound having at lest two of 
carboxyl groups in a molecule. Concrete 
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examples of these poly-carboxylic acids are, 
oxalic acid, succinic acid, glutaric acid, adipic 
acid, pimelic acid, suberic acid, azeiaic acid, 
and dimerized or trimerized linolenic acid. 
[0051] For example, it is able to use alicyclic 
carboxylic acid such as tetra-hydro-phthalic 
acid, 4-methyl-tetra-hydro-phthalic acid, 
hexa-hydro-phthalic acid or 4-methyl-hexa- 
hydro-phthalic acid may be used. 
[0052] Further for example, aromatic poly- 
carboxylic acid such as phthalic acid, 
isophthalic acid and terephtlialic acid may be 
used. 

[0053] II) Poly-glycidyl or poly (((3-methyl- 
glycidyl)ether which are derived from a 
compound having at lest two of alcoholic 
hydroxyl group and/or phenolic hydroxyl 
group and epichlorohydrin or p-methyl- 
epichlorohydrin. 

[0054] Examples of compounds containing 
at least two alcoholic hydroxyl group is, non- 
cyclic alcohol, for example ethylene glycol, 
di-ethylene glycol and higher poly(oxylene) 
glycol, propane- 1,2-diol or poly(oxy- 
propylene) glycol, 1,3-propane diol, 1,4- 
butane diol, poly(oxy-tetra-methylene) glycol, 
1,5-pentane diol, 1,6-hexane diol, 2,4,6- 
hexane triol, glycerol, 1,1,1-tri-methylol 
propane, penta-erythritol, sorbitol, and poly- 
epichlorohydrin. 

[0055] Those ethers may be also derived 
from 1,4-di-hydroxy-cyclohexane, bis(4- 
hydroxy-cyclo-hexyl)methane, 2,2-bis(4- 
hydroxy-cyclo-hexyl)propane or 1,1- 
bis(hydroxy-methyl)cyclo-hex-3-en, for 
example. 

[0056] The epoxy compounds also may be 
derived from mono-nucleus phenol such as 
resorcinol or hydroquinone, for example; they 
are based on multi-nucleolus phenols such, as 
bis(4-hydroxyl-phenyl) methane, 4,4'-di- 
hydroxyl-di-phenyl,bis(4-hydroxyl-phenyl) 
sulfone, 1 , 1 ,2,2-tetra-kis(4-hydroxyl-phenyl) 
ethane, 2,2-bis(4-hydroxyl-phenyl) propane 
and2,2-bis(3,5-di-br6mo-4-hydroxyl-phenyl) 
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propane, and also they are based on novolacs 
which are able to be obtained by condensation 
of aldehyde, for example formaldehyde, 
acetaldehyde, chloral or furfiiraldehyde and 
phenols, for example phenol, or phenol of 
which nucleolus has been substituted with 
chlorine atom or alkyl group of carbon 
number 1 to 9, for example 4-chloro-phenol, 
2-methyl-phenol or 4-tertiary-butyl-phenol, or 
condensation with bis-phenol. 
[0057] These epoxy resins include epoxy 
resins with higher molecular weight and 
higher melting point which are able to be 
obtained by reacting relatively low molecular 
weight and low melting point or liquid epoxy 
resin with multi-functional compound in pre- 
reaction, for example. The starting materials 
for these pre-reaction products are bis-phenol 
base representatively, for example bis-phenol 
A base low molecular weight di-glycidyl 
ether, and this is reacted with bis-phenol in 
less than equivalent, for example bis-phenol 
A or tetra-bromo-bis-phenol A, by a method 
which is known to the public, to make into 
higher molecular weight compoxmd. 
[0058] This reaction is known to the public 
and for example it is described in "Encyclo- 
pedia of Chemical technology" Volume 9, 
page 275 to 276 (J, Willey & Sons, New 
York, 1980). 

[0059] III) Poly (S-glycidyl) compound, 
preferably di-S-glycidyl derivative being 
derived from diol, for example 1,2-ethane diol 
or bis(4-mercapto-methyl-phenyl)ether. 
[0060] IV) Alicyclic epoxy resin, for exam- 
ple bis(2,3-epoxy-cyclo-pentyl) ether, 2,3- 
epoxy-cyclo-pentyl-glycidyl etiier, or 1,2- 
bis(2,3-epoxy-cyclo-pentyl-oxy) ethane, or 
3,4-epoxy-cyclo-hexyl-methyl-3*,4'-epoxy- 
cyclo-hexane-carboxylate. 
[0061] However, epoxy resins wherein the 
1,2-epoxy group is bonded with different 
hetero atoms or fimctional groups may be 
used. Those compounds contain glycidyl 
ether / glycidyl ester of salicylic acid. 
[0062] Mixture of epoxy resin may be used 
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as curing mixture if desired. 

[0063] In order to control the viscosity slope 

in the process iii) of this invention, use of 

modified epoxy resin may be convenient to 

secure higher initial viscosity and further 

rapid increase of viscosity in the compression 

process. 

[0064] This may be done by modifying 
epoxy resin by a partial reaction using epoxy 
curing agent Hiat functions at increased 
temperature, representatively anhydride 
curing agent, or by mixing minimum amount 
of epoxy resin and multivalent phenol, 
preferably novolac. 

[0065] Amount of the modifying agent shall 
be selected not to a level that viscosity of 
resin to be modified will increase but reduc- 
tion of the epoxy resin at process iii) at initial 
stage will not occur. 

[0066] In this form of the method of this 
invention, it is desirable to have poly-glycidyl 
ether, preferably di-glycidyl ether of bis- 
phenol which may be pre-reacted react with 
cychc anhydride of poly-carboxylic acid, 
especially anhydride of alicyclic di-carboxylic 
acid. In another desirable form of this modi- 
fication, it is desirable to react poly-glycidyl 
ether, preferably glycidyl ether of bis-phenol 
which may be pre-reacted with minimum 
amoimt of novolac, preferably phenol- 
foraialdehyde novolac or cresol-formaldehyde 
novolac. 

[0067] jt-arene Ri or R2 of iron-arene 
complex (b) is normally basic hetero-cyclic 
aromatic or preferably carbon-cyclic aromatic 
group (this may be either mono-nucleus or 
multi-nucleus and when it is multi-nucleus, it 
does not have to be not condensed nor con- 
densed). These groups may be non- 
substituted or is* substituted with non-basic 
group. 

* Translator's note: This "is" should be a 
mistake of "may he". 
[0068] Ji-arene Ri or R2 of iron-arene 
complex (b) is carbon-cyclic aromatic hydro- 
carbon having suitably 6 to 24 and preferably 
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6 to 12 of carbon atoms, or hetero-cyclic 
aromatic hydrocarbon having 4 to 1 1 of 

carbon atoms and contains 1 or 2 of O or S 
atoms, and these groups may be substituted 
with identical or different monovalent groups 
such as halogen atoms, preferably chlorine 
atoms or bromine atoms, or aUcyl groups of 
carbon number 1 to 8, alkoxyl groups of 
carbon number 1 to 8 or one phenyl group or 
more than that, for example. Non- 
condensation nucleus jt-arene group may be 
directly bonded or bonded via bonding group 
of -CH2- group, (C(CH3)2~ group, -CH+CH- 
group, -O- group, -S- group, -SO2- group or 
^O- group, for example. 
[0069] The alkyl group and alkoxy group 
may be in linear chain shape or in branched 
chain shape, representative ones of the alkyl 
group and alkoxy group are methyl group, 
ethyl group, n-propyl group, isopropyl group, 
n-butyl group, secondary butyl group, tertiary 
butyl group, n-pentyl group, n-hexyl and n 
octyl group; methoxy group, ethoxy group, n- 
propoxy group, iso-propoxy group, n-butoxy 
group, n-hexyl-oxy group and n-octyl-oxy 
group. Alkyl group or alkoxy group of 
carbon number 1 to 4 is desirable. Desirable 
substituted jr-arene are above described 
substituted groups and preferably those which 
contain 1 or 2 of methyl group, ethyl group, 
n-propyl group, iso-propyl group, methoxy 
group or ethoxy group. 
[0070] R2 is further may be indenyl anion, 
preferably cyclo-penta-dienyl anion, and these 
anions may be substituted with identical or 
different groups, representatively one or more 
of alkyl group of carbon number 1 to 8 or 
alkoxy group of carbon number 1 to 8. R2 
shows preferably non-substituted indenyl 
anion, and most preferably non-substituted 
cyclo-penta-dienyl anion. 
[0071] Concrete examples of suitable of Ji- 
arene Ri or R2 are, benzene, toluene, xylene, 
ethyl benzene, cumene, methoxy benzene, 
ethoxy benzene, di-methoxy benzene, p- 
chloro-toluene, m-chloro-toluene, chloro- 
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benzene, bromo-benzene, dichloro-benzene, 

tri-methyl-benzene, tri-methoxy-benzene, 
naphthalene, 1 ,2-dihydro-naphthalene, 
1 ,2,3,4-tetra-hyclro-naphthalerie, methyl- 
naphthalene, methoxy-naphthalene, ethoxy- 
naphthalene, chloro-naphthalene, bromo- 
naphthalene, bis-phenyl, stilbene, indene, 
4,4*-dimethyl-biphenyl, fluorene, phenan- 
threne, anthracene, 9,10-dihydro-anthlasene, 
tri-phenyl, pyrene, naphthacene, coronene, 
thiophene, cromene, xanthene, thio-xanthene, 
benzofuran, bcnzo-thiophcne, naphtho- 
thiophene, thiantrene, di-phenylene oxide and 
di-phenylene sulfide. 
[0072] Concrete examples of anions of 
substituted cyclo-penta-diene are, anion of 
methyl-cyclo-penta-diene, ethyl-cyclo-penta« 
diene, n-propyl-cyclo-penta-diene, and n- 
butyl-cyclo-penta-diene, or anion of dimethyl- 
cyclo-penta-diene. • 
[0073] When a shows 2, R2 show preferably 
substituted indenyl anion, or preferably cyclo- 
penta-dienyl anion. 

[0074] Index x preferably show 1 . Index b 
preferably show 1. 

[0075] X" preferably shows anion being 
shown by [LQ]". 

[0076] Q preferably show fluorine atom. 
[0077] L preferably shows As or Sb, and 
most preferably it shows Sb. 
[0078] However, anion X" may be anion of 
partially fluorinated or per-fluorinated ali- 
phatic or aromatic sulfonic acid. 
[0079] Desirable anion X" is anion of per- 
fluorinated aliphatic or per-fluorinated 
aromatic organic sulfonic acid. 
[0080] Examples of those anions are, anion 
of per-fluoro-alkane-mono-sulfonic acid of 
carbon number 1 to 8 or anion of per-fluoro- 
benzene or per-fluoro-toluene-mono-sulfonic 
acid, for example, for example CF3SO3 , 

C2F2SO3', C2F7S03", C4F9SO3', C6F13SO3', 

CgEnSOj*, CfiPsSOs", and CF3C6F4SO3'. 
[0081] All these anions are very weak 
nucleophilic. 



[0082] Desirable anion X" are, BF4", PF^', 
AsFg', SbFfi' or SbFsCOH)", and CFaSOa". 
[0083] Among these ions, use of AsF^" and 
SbFg* are especially desirable. These lastly 
described initiators containing anion is 
desired to contain SbFg" which causes rapid 
curing of epoxy resin mixture. 
[0084] The compounds being shown by the 
formula I are able to be produced by similar 
method which has been known to the public. 
Production method of this type of metallocene 
complex containing complex halogen anion is 
described in EP-A-94915, for example. 
[0085] Other compounds containing anion 
and being shown by the formula I are able to 
be produced by modified method of the 
method being disclosed in this document by 
introducing anion of acid HX' (in the formula, 
HX* shows the same meaning with what is 
defined in above) in place of anion of com- 
plex acid by a method which is know to the 
public. 

[0086] Especially desirable compounds 
being shown by the formula I is a compound 
which is shown by the formula I and shows a 
and d show 1 in the formula and Ri is stilbene 
group or benzene or naphthalene group (these 
are substituted with ^\kyl group of carbon 
number 1 or 2, or alkoxy group of carbon 
nimiber 1 to 4), and R2 shows non-substituted 
cyclo-penta-dienyl anion, X' is BF4', PF^', 
AsF6*, CF3SO3* and preferably SbFe", and 
especially includes compounds which is 
shown by the formula I wherein Ri shows 
isopropyl benzene or methyl naphthalene and 
X' shows SbFs*. 

[0087] Representative examples of suitable 
compoimds being shown by formula I are, 
(ti ^-isopropyl-benzene) (ti ^-cyclo-penta- 
dienyl) iron (11) hexa-fluoro-antimonate, (t)^- 
isopropy 1-benzene) (ti ^-cyclo-penta-dienyl) 
iron (11) tri-fluoro-methane-sulfonate or (ti^- 
isopropy 1-benzene) (t] ^-cyclo-penta-dienyl) 
iron (II) hexa-fluoro-phosphate, (tj ^-stilbene) 
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(ri^-cyclo-penta-dienyl) iron (II) hexa-fluoro- 
antimonate or (ri^-stilbene) (ri^-cyclo-penta- 
dienyl) iron (11) hexa-fluoro-phosphate, (tj^- 
methyl-naphthalene) (ri^-cycld-penta-dienyl) 
iron (II) hexa-fluoro-antimonate or {r\^- 
methyl-naphthalene) (ri^-cyclo-penta-dienyl) 
iron (11) hexa-fluoro-arsenate and (t]^- 
naphthalene) (-n^-cyclo-penta-dienyl) iron (II) 
tetra-fluoro-borate. Most preferably, the 
compounds being described with the formula 
I are (rj ^-methyl-naphthalene) (ri^-cyclo- 
penta-dienyl) iron (II) hcxa-fluoro- 
antimonate, and most especially (r]^- 
isopropyl-benzene) (t) ^-cyclo-penta-dienyl) 
iron (II) hexa-fluoro-antimonate. 
[0088] The composition of the invention is 
composed by preferably containing the 
component (b) at 0.2 to 5 weight percent, 
preferably 0.5 to 2 weight percent, and the 
component (c) at 0.05 to 2 weight percent, 
preferably 0.1 to 1 weight percent, to the 
epoxy resin (a). 

[0089] The curing composition may further 
contain other additives. Those additives a 
substances that improve workability of curing 
composition and/or this composition. 
[0090] Representative examples of those 
modifiers are, filler or extending agent, for 
example chalk, talc, kaolin, mica, gypsum, 
titanium dioxide, quarts powder, alumina, 
cellulose, ground dolomite, ????*, silica 
having large specific surface area (commer- 
cially sold as registered brand name Aerosil), 
bentonite, powder PVA, polyolefin, and 
further metal powder, for example powders of 
copper, silver, aluminum or iron, anti-buming 
agent, for example antimony tri-oxide, 
colorants, for example dyes and pigments 
photo-stabilizer for improving dm-ability of 
final composition against UV light, mold 
release agent for separating individual layer 
being formed in the process i) in intermediate 
process, for example release liner, film 
forawng varnish or wax, thixotropic agent, for 
example high dispersion silicic acid, reactive 
thinner, for example phenyl or cresyl-glycidyl 
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ether, butane diol-glycidyl ether or hexa- 
hydro-phthalic acid glycidyl ether, inert 
thinner for preparing impregnating solution of 
highly viscous or solid epoxy resin mixture, 
for example chlorinated ahphatic or aromatic 
hydrocarbon, for example dichloromethane, 
tri-chloromethane, tetra-chloromethane, 
chloro-benzene, aromatic hydrocarbon, for 
example toluene, xylene, or aliphatic ketone, 
for example acetone or methyl ethyl ketone. 
*This must by a typing mistake in Japanese 
word processing. Japanese sound as printed 
is '^Worasutonaito " which is not allowed in 
Japanese spelling rule. 
[0091] As other modifiers, sensitizer and/or 
oxidizer, for example anthracene or cumene- 
hydro-peroxide, may be used. 
[0092] The laminate of this invention may be 
especially used for producing print circuit 
boards and insulators. 
[0093] 

[Embodiment examples] This invention is 
explained in detail with following embodi- 
ment examples. 

[0094] Embodiment example 1 
A solution is prepared with 1000 g of bis- 
phenol A base industrial grade glycidyl ether 
being dissolved in methyl-ethyl-ketone and 
bromided (epoxy value 1.85 equivalent^g), 
3.5 g of (ri^-isopropyl benzene) (n^-cyclo- 
penta-dienyl) iron (II) hexa-fluoro-antimonate 
(abbreviated as "photo-initiator I"), and 5.6 g 
of 2,6-di-isopropyl aniline. Concentration of 
the photo-initiator and aromatic amine is 0.5 
and 0.8 weight percent, respectively to solid 
epoxy resin. 

[0095] This solution is impregnated into 
glass cloth web (weight in unit area is 200 
g/m^). Before removing the solvent in 
circulating air oven at 150 °C for 2 minutes, 
the impregnated glass cloth is let drip for a 
few nunutes in room temperature. The cloth 
of which solvent has been removed is let pass 
imder a UV lamp [Fusion D-lamp, 80 W/cm] 
as a speed of 2.7 m/min., and at this time the 
solid epoxy resin is made into wave pattern 
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on outside of the dried cloth, then other cloth 

is cut at a size of 15 x 1 5 cm. 
[0096] Minimum melt viscosity of the resin 
being made into wave pattern is measured by 
using a com plate viscometer at 100 ^C, .and 
is shown in Table 2. 8 sheets in 15 x 15 cm 
each are converted by a heating press together 
into a laminate, by pressing first at 170 °C 
under 1 to 5 bar of pressure for 20 seconds 
then at 170 °C under 30 bar for 15 minutes. 
Glass transition temperatures of the final 
products are shown in Table 2. 
[0097] Tlie cloth section which has been 
dried then irradiated is stored in room tem- 
perature, then converted again after 28 days 
as same as above described. Resin is made to 
be in wave shape on outside of dried cloth, 
then a laminate is made under the same 



compress forming condition. Melt viscosity 
and glass transition temperature Tg of this 
resin is show in Table 2. 
[0098] Embodiment examples 2 through 7 

and 9 through 15 

Resin solution that was used in Embodiment 
example 1 is prepared. Photo-initiator (shown 
by I) and modifiers which are shown in Table 
1 (amounts described here are weight parts 
against solid resin) arc added to this resin 
solution. These solutions are converted as 
described in Embodiment example 1. Melt 
viscosities and glass transition points Tg after 
storage in a condition which is able to store 
are shown in Table 2. 
[0099] 
[Table 1] 



Table 1: Chemical structure and amount of photoinitiator and stabilizer in Em- 



Embodiment 


Photoinitiator 


Stabilizer 


example 


(weight %) 


(weight %) 


1 


I: 0.5 % 


2,6-di-isopropyl-aniline: 0.8 % 


2 


I: 1.0% 


bis (4-amino-3,5-di-ethyl-phenyl)methane: 0.5 % 


3 


I: 0.5 % 


bis (4-amino-3-isopropyl-5-methyI-phenyl) 
methane: 0.5 % 


4 


I: 0.5 % 


bis (4-amino-3,5-di-isopropyl-phenyi) methane: 
0.5 % 


5 


I: 0.5 % 


bis (4-amino-3-ethyl-5-methyl-phenyl) methane: 
0.5 % 


6 


I: 0.5 % 


4,4'-di-amino-di-phenyl-sulfone: 0.8 % 


7 


I: 0.5 % 


l,3-propane-diol-bis(4-amino-benzoate): 0.4 % 


9 


I: 0.5 % 


2,2'-piperidine: 0.5 % 


10 


I: 1.0 % 


anthranihc acid: 0.5 % 


11 


I: 0.5 % 


anthranilic acid: 0.5 % 


12 


I: 1.0 % 


diethyl-toluilene-di-amine: 0.5 % 


13 


I: 0.5 % 


mixture of 2,4-diamino-3,5-dietyl-toluene (ap- 
proximately 20 %) and 2,6-diamino-3,5-diethyl- 
toluene (approximately 80 %j, [Detda-80: Lonza 
Basel]: 0.5 % 


14 


I: 1.0 % 


3-dimethyl-amino-benzoic acid: 0.2 % 


15 


I: 1.0% 


4-dimethyl-amino-benzaldehyde: 



[0100] Embodiment example 8 

1524 g of industrial grade bis-phenol A base 

di-glycidyl ether (epoxy value 5.27 equiva- 



lent/kg) and 790 g of tetra-bromo-bis-phenol 
A are mixed in a flask, then heated at 1 70 
until the tetra-bromo-bis-phenol A com- 
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pletely reacts with the glycidyl ether. Epoxy 
value in this case is 1.22 equivalent/kg. 
[01011 Then 9.0 g of bis(4-amino-3,5- 
diethyl-phenyl)methane is added and this 
mixture is held at about 170 °C until the., 
amine completely react with the epoxy resin. 
Then, it is cooled down and 583 g of methyl 
ethyl ketone is added to the reaction mixture. 
[0102] To 450 g of this epoxy resin, 1.8 g of 
the photo-initiator I of Embodiment example 
1 is added: its concentration is 0.5 % to the 

Table 2 Melt viscosity and Tg of Compositions of Embodiment examples 1 



epoxy resin. This solution is converted as 
same as Embodiment example 1 except for 
treating impregnated glass cloth without 
solvent under a UV lamp at a speed of 2.0 
m/min. Minimum melt viscosity and glass 
transition temperature are measured under a 
condition which is able to store and after 
storage (refer to Table 2). 
[0103] 
[Table 2] 



Embodiment 
example 


Storage period in room 
temperature (days) 


Viscosity at 100 'C 

(poise) 


Tew tO/~*\ 




0 


1280 


142 


1 


28 


1280 


140 




120 


1410 


139 




0 


1480 


137 


2 


28 , 


1780 


136 




85 


1990 


136 




0 


840 


136 


3 


28 


860 


135 




85 


850 


134 




0 


840 


132 


4 


28 


845 


135 


5 


0 
85 


900 
. 960 


135 
135 


6 


0 
28 


1670 
2070 


141 

139 




0 


1550 


138 


7 


28 


1830 


139 




107 


1950 


138 




0 


350 


141 


8 


28 


420 


142 




86 


480 


141 


9 


0 
31 


1200 
1680 


138 
137 


10 


0 

26 


1485 
1790 


141 
140 


11 


0 
29 


900 
1075 


139 

138 


12 


0 

44 " 


1150 
1070 


143 
141 


13 


0 
28 


790 
760 


130 
132 


14 


0 
30 


920 
1190 


144 

143 


15 


0 

28 


1290 
1630 


144 
142 
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[0104] The melt viscosities which are shown 
in table 2 show good storage stability of the 
composition of this invention after irradiation. 
Even after storage of 28 days or longer than 
that, viscosity increase of the compositions is 
little and this indicates that curing did not 
occur at all or practically did not occur. The 
same conclusion may be obtained from glass 
transition temperatures. This temperature is 
measured with well cured system (applying 
thermal activation after changing storage 
period of irradiated mixtures). As it is 
apparent, measured Tg hardly changes even 
after extended storage. The differences are 
within average error range in measurement 
accuracy. 

[0105] Control example (no stabilizer! 
A solution comprising 700 g of the epoxy 
resin being used in Embodiment example 1 
and 2.4 g of photo-initiator I. Concentration 
of the photo-initiator is 0.5 5 to the epoxy 
resin as same as Embodiment example 1, 



however, stabilizer is not used at all This 
solution is converted as same as Embodiment 
example 1. Minimum melt viscosity is 
measured at 100 °C and glass transition 
temperature is measured at room temperature 
as a fiinction of storage at room temperature. 
[0106] 

viscosity (poise) Tg (°C) 

Value at 0 day 

in storage condition 1335 141 
Value after 1 day 1610 139 

Value after 4 days 1870 136 

[0107] Compared to Embodiment examples 
1 tlirough 9, viscosity increases very rapidly 
(40 % in only 4 days after). Tg reduces by 5 
^C during this period. 
[0108] This Control example shows that 
irradiated resin does not have storage stability 
without existence of amine and the essential 
property practically changes after passing 
short 4 days. 
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^ 1 m<D&mm {cnm^mimmm^si i iftv^b i o 
©7;i'+;v». 1 feViL- 1 oo7;i'3+5/ 

^ffiU^aoO *^tI^#:K75X (c2) pKa 

s©:t;> hx\t/-^ymz 1 fiweffis (c®eijis«- 

COOHiS. -COORaS. -COR25, -SO. RS 

s. 'y!;u7}v^)vm. 7U-;i'S, 75y7'j-;i'S 

Xe-Rj -OOC-C. H4 -NH. «*«*>U -t 

LTRs ta7;v^w>'S*^to-r) i&^tr^»»75 
>. xtt (c 3) hrtfUv'x *>e*-5if!6»6aKsn so 

(b) 0. 1- 1 08ft9S&c;^ (c) 0. 0 2-5 

C«*S2] (c 1) *JNH. SlXtt2ffiS^ 

*fi."3pKatt3-4. 5. Rt;#75>'2lO:*-;Whtt 

t < i t) 1 iBo7;i^+ji'a*'(rr-6«i«« i e«® 

m^m 3 ] isi^ ( c 1 ) *t 2 . 6 - 5?7;v+;i'7x 
U>Xtt;*:iCi I : 

[^2] 40 




TR4 tt**S?^Xtt7;l'*;H6S:«t)-r) TSteSn 

[W«ffl4] js»(ci)*t2, 6— :?-f v:/nfc:;i. si? 




i|#iB¥4-2 2 7 6 2 5 

2 

7XU>3ltt3t:i I R3 RtfR* ttSlMC»i£ 

bT^J!51S^»l;/iV»L3®7;l'4^;l'». J9F*l/<tt^ 

CW^S5] (c2) *tNH2 Slxe2iH*^ 

[i»«JH6i ^ (c 2) *»7>h9x;vaxfaj*:ic 

III: 




I -coo (CH» CHt O) OC-SXtt-C 

GO (CHz ) OOC-a (iCtf, ntt2-6. j?* 

(c 3) *t2, 3' 2. 4' 
3, 3' 4, 4' -SIK, ff*KH:2. 2' 

- If K U 5?>T»«»«JB 1 GttcDlBi&lir. 

[®*:S8] «-7l/->««: (b) 

ft 1 Jin 1/ 4 ©7;V*;V3SXBBft«iR^ 1 ftVi u 4 © 

7Jl'n+v'StiOMSlSnTti-5) R2 tt 

^E^->^n/^>;j^j?XX;V7X:r»S**jL.. -lE-U 
TX- ttBF4 ■ , PF» ■ , AsFe ■ , CPs SO 

3 - las. »sL<asbFB - sstj-T] T*fcsn 

tt^g^Jl/^^i^V'^S&S*?^. -tUTX- *tsbF. 

\mim \ 0] X3l?4^'>j»JB (a) C3«*UT, fiK^J- 
(b) 0. 2-5a»X. »*L.<ttO. 5-2aft% 
Xr;^^)' (c) 0. 0 5-2Sfi%, if*KttO. 1 

\mim \ 1] (a) , (b) (c) icm 
T. RftJW t LT©«^$«:&t^/XttSC I Tr«fcS 
n«^b^«©^»©itl!S^i^g&«|ff«« 1 8B«©«A 

m^iR 1 2] mk^mmm-m. i iB«©ia)S« 

mtm 1 4 ] 1 2 xttBi«3S 1 3 cE«$ti 
[ffi^jg 15] i ) imij^^mm 1 iB«©»^b 
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3 



mWf-A - 2 2 7 6 2 5 

4 



s2icav>a:5Ka»ii/T, wiBaaissj&enifcm [^??**»ftLj:5tf-5«s] «<'<#ctc. ifeff 

STfatrsxe. *^6a«75*-h©a!jg;5F& fi[ffiox#+->«ifj|gji^i»Kjfr«»3t©75>©s<h 

aS*-&-5J:5lCX@l 1) Kt^l 1 i) Sff^Ct*^ [0 0 0 6] 

[9si»©^«aKgqi (a) xii«:^^m 

[0 0 0 1] 20 (b) J^cSCl : 

[i£|g±©ipJffl»H] *55Wttx#=¥->8riB. HJfiiffli: [fl:4] 

UT©iff)£©«-rV->e#:RlF5fe^tbT®!|$:t (Ria%niOJ*+ab.(XJ- (D. 

MW:ffilE75*-h®»ig*i*lcM-r -f >xXJl.«b<tt5'i^D'^>i'>>XXJ|/7x:j->*« 

5 %>©•?«*. X- \t7--^> (LQ D - xtt-ffl7;w*;Wb 

[0 0 0 2] ^h<\tn-y)Vi!r)Vf)c.^nitsstmm\y<\tm^7. 

-A-9 4 9 1 StH^^nrV^S. 30 mt\: \^Uriri/)Vm^^t>hX^ii<. -tLTmttLi 

[0 0 0 31 X3p+v'«fji«'^-xtf 0 i#v>KiHB*^*>t-] •e«t»sn5«-7W->» 

fiiS-rSfcJ&K:, 2«a*?Snfc«fl:S!I/ffiaS!ig-& Sr^ (c) (c 1) pKaffl2-54*L.B.t3NH 

«i. ^>ia>?->7>-:?75>/'<>-:^;Vi>/9";i'75> » mim^hAmsix^^7s.j^<D^}VYmz'>u<t. 
m^m^^mt^. ^mmLm\t. ^< ®ii«*ss&s i ia®Bifts (r ®ssistt^*ig^ i i^v* n o 

aitnfsaer. •en6®»t)*>ttsviti8ia-r«®** ®7;>+;ps, gjatSi^s: i avj u i o o7)va^'y 

H»T*«. -ena, «*tf::/u::^i'i'B^»:a:»a* s. ^«is^5Rrjt6©->i^n7;v=Jr:;i^ ^ss?^ 

stt**-r*'<#T*»3. ^■bTffiffif!i6}^S4'T©«« ae^ci-in o®7'j-;w»xfi;Nn-5r'>M^*st)-r 

8Jii®liaTr*»&gfli*tEc:-5'^^T*-5. HC. « *t. fflU75>'«®PS*;i'h{a:cii/Nny>®^tt^< 

tt«f»gtt. HCa*6nfc:tf;^«riEJ^-r'<#J»»*>6fiSi »«Eb;6:V>) S$0»#ft7S>. Xtt (c2) pKa 
*L^-5J;5IC. fSJgIg®^j|&^JCMil>t&fiiS*^ 40 ®2-5$Wl/E.':3NH» aiaViU41@RtJC«-75/ 

«8»s*jo*i.'vg/haj;0fe#<ien;fav>j;o:tesaic cooHS. -cooRS, -coRS. -so. rs 

©»f'<$T**. Xtt-SORS4«*jU -eUTRtt-HS, 7;m^jv 

[0 0 0 41 liJ&»ia:bT«rS©»-7l'->«#Sffi S. ->i'n7;V+Jl'S, 7y-;VS, 75/7U-Jl'a 

ffl-r5X*+->1«Ji€:'^-Xfr-675:?— h©SjS* Xtt-Rs -OOC-C. H. -NH» SSat>U ■?■ 

j£e, EP-A-323584fcM^«nTl»S. C© LTRs B7Jl'+W>S*at)-r) *^tT5SrS«75 

35ri*IC*ViTtt. tt-7l'->^#:ttx:a?+>'«fji®* X Xtt (c 3) Iffcf'Ji^X *^&&.5»*»6SJi*n 

ic. Ki*icj;osttfli3n5. z0{iinmso>:^m\t, (b) o. i-i osfixaytiSii- (c) o. 02-5 
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5 

[0 0 0 7] :^^m(Dmmiit, mt^K:imifti> 
CO 0 0 8] -enjsiv *^?gttaistts«ROTitfcj: 

W. TaXBMo, ^«aUi}^«14#'J 
lSJi?U75 H«s|>l«y;*s/ir:^ (Nomei ) X\i^:f^- 
(Kevlar) . Mytt*-JK>. «»IA.«"fe;i'0-X, #U 

[0 0 10] iRii«(^iB(». mttvxi£:mtt.i&m-r:ii. 

>HVyh. ^ai^SXtt^xjl'h OK) tLTfigffl-r* 
[0 0 11] lB5«l«S*ti:S!ftttJi-&'gii:®»)il!tt, m 

«f>®jKflf8rilg/5tllJ6S!l/g3£SilS^«lSat©^S-C<fe 
[0 0 12] 5^3-v:/hXh7>H<£^trett. WAH 

[0 0 13] mmv^mtttmitBm^<iS!it(Dmmt. -g- 

[0 0 14] 

I) mmmt^m^immo>mmm,mtmii 

I I) -igicijs^-r'<^'>*<tfc2a©«iisn/5:tt 

-t©^ja:<tt)ia{ixsi) icfet>T# 




(4) #M¥4-22 76 25 

6 

fiT* UTtt< 3li«5«©W©tt«©*iJD««E»« 

mmf)^ e ©(»SM©isn*t n rofiEjgi!©s« e: $ s t» 
mrsmt^xm. *»6)ft«95*-h©«jt;?j!£CM 
[0 0 1 5] lig i I) ©wic, ^s^sjiwr^.©** 

[0 0 16] CCi6»6. »SH.»*»B±i2fc*V>T5fe 
8Sn&±5?S:I@I) . 1 1) RZSl I 1) i!)^?>1i 

D. (tiniw^ifiawig i a) tte!ftsij&ftttfl:-r*&«> 
tfcio. xei 1) ©wfcff^. noftjpw&xe 

I T«t)Sti«BI!a6Jfili:©ffl-&i»*^S-&«c:tirJ; 
^IGffil'i, ^9^(22 5 0-600 nm©9BHl^-7Jb'3T 

[0 0 17] iBSfl:sj©ttH©;£:i;T. ^it^mmm^t 
jsicfnEiKfldW©&«>©«^s^>uTfc<fc fci. 

[0 0 18] ^SROtSam ISI 1) Sff5Mfc«f 
Jg©l&S&ii;«c$-ti-'S:/!!iie>(c. |}^%0^M0)JAi£7 0 
- 1 2 0'C{rJDlSft-rS©*Wffl^T?*65. 

[0 0 19] 181 1) IC*V>T. ^*»6n&««!6> 

50 6;ft*<@*®i®0fa»*«!i-rs. ;i©s«. #*ibi 

6 a 5 feOT?* T t> J: LXHBiJ©«m^ 6 
[0 0 2 0] XS i J i ) fe::fet>T. XS i i ) 

4» *RrKfiStt> mnmz^imiti)i±<isz.?>ti\,^i>-^x 
\m{tms.ifi»mzmv^0xmm(Dibmii^mm<DmM(a 

Asr^/xttiastt. tts©msoiifliji«*#«J;5 

IsaizitmLrmmfE^^zitifim^ox. -tcjSftfi 
[0 0 2 1] uA^bft**^. £e*Rr;fi«Bx8i d 
so ^2fBPiSic$6£-&. c©ttm. fi«;dt©%«»t»«}J» 
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(5) 

7 

[0 0 2 2] xe I i 1) e. #g:7'UXK:±D*aK 
€•5. 

[0 0 2 31 **jSO»SH'>««K:*V>Ttt, IS i 
i) Rl^i i i) Sa«?MlCff5. ;i<0;EfffilC:feliT 

[0 0 2 4] XS 1) tSlt«Ut«$8«i:l!mjS«a: 

[0 0 2 5] UA^Uad^e, Xigi) tt. 

6;fS:S':;x:/«xs 1 i) fflgfncl^^Jc«Jig?S*jija$ 20 

■frS^ltKif). XSi 1) Rt^i i 1) tH^Cff^ 

[0 0 2 6] a)^XeiC*V>Ttt, !t#»C5^ IT^te^n 

;a:MJ&3Wtt, SCI (SC«f, X- ttAsF. - *«t>U 
■€-UTS'b»*L.<ttSbFe - *at)f) TfSfcSn 

[0 0 2 71 ^S«<BJd>&a:-6>>x:rfcB. a«*:>&jS 

[0 0 2 81 x@i i) \:.i&\i^WSmmh^. 
l-60bar. »Sb<f41 0 - 5 0 b a r 77*5. 
SflSSaa. 0-2 0 O-C. »*U<tt8 0 

-2 0 0'C, a^^SKKl 0 0-2 0 o-c-cfts. 

£Etii9i>Q». m©aftttia/^ictt#u 0. 1-1 

2 0ii-, »^Ktt0. l-6 0». -€-UT«t>ff*l/ 
<tt0. l-2 04i-T».5. 

[0 0 2 9] X@i) tC:6tt-&j?£b(')i»l«(S«». 

[0 0 3 01 msk^i&mnikjmmi.. a««ifflsn& 

[0 0 3 11 ffl-<lr©«^tc:feV»T^!.S«:ilffi*ft=tt, ± 

j6©s*ptcs:?v>Ta«L jLtJgjift-r-s c t*»-c# 

•5. 

[0 0 3 2] *5g?g®ffl^!fe»Cfett5iif 5$sa>M» 
(c) «, l;iV>L/4iH®NH2 SS^tJ±IB^S®3f 

»»75> (c 1) Rtf (c2) ra&a. 2. 3Xtt4 so 




<$B8V4-2 2 7 62 5 

ffl©NH, S«^&-e©±5!fefl:^<»H:. fii!;ie«3JjBC 
gft$nfc7r:U> Wci> (c 1) ] *7;V?tHXtt 

0. XttTS/BI OS^J- (c 2) 1 «XXT-;MS^lJ1iB 
ft 2 ftVv L 4fi®OHS*$tJfl:^l»tK«*-&«C:i 

[0 0 3 3] (c 1) IkTS- (c 2) tOTfiEfflSn 

[0 0 3 4] (c 1) ©7J^=^';nlftax^47;^3 
+>'Bifts©7;p+jW8»tt. ita«xtt»es®ttt?* 

a-r«>>i'n7;p*;«f4, ««»ctt->i'D 

f^swictt^x-ju^Rc^-^-^j^ji-a-cibs. 
a-r*Any>aijisB. rsikt, ^ss^&tf. » 

[0 0 3 5] jfSL'ti*^- (c 1) tt. NH, SlXtt 
2fflS'^*.J.t>pKaffl3-4. 5«:*t. B.t3#75 

/«©:t;i'Kfitfc^ft< tfe HH©7;u:t^;ws&=S-r 

5. «ffcff*LV»^i> (cl) tt, 2. 6-5?7;i/+;i' 

7xu>xft;*ciCi I : 

[ft 51 




CSC*. Rs tt«[«H-TXtt7;P+Jl'S*«*>L. -tb 

TR4 tt*^KTXtt7JV=¥;i'S*St)-r) T^tedtl 

nfc:;U7xU>XttjS:i I Caf. R> &t^R4 liSVi 

fca5ibTK«is?fSiftnu3©7;i'+;i'S, 
[0 0 3 61 ^ta-rsft^Wftfjtt. 2. e-e^-rv 

7^ntrjU7ri'J>. HX (4-75y-3, s-i^xg^ 
;P7xx;W /^'X tfX (4 -75 7-3-;* 5^;!^- 
5-'fvyDt;jl/7xx;W ;>l^>, tfX (4-75 7 

-3. 5-5^'fv:/DK;>7xx;w jii'X tx (4 

-75y-3-xg^Jl'-5-;)<5^;P7xX;W 
HX (4 -75/ -3. 5->?xg^;i'7xx;w 
>, tfX <4-75y-3-;<9';i'7xXJW jti'>R 
iXlix (4-75y-3-i'nn7xx;W i^9Z/^tb 

[0 0 3 7] (c 2) ©75/SJCj*-r5:t 
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9 

+v';vs. xxx;vs, *;P4?=:;i'S. 7.}vy:t>sx 

(0 0 3 81 Jin6®StCDSRtt> 7;k+JUS, S'i' 

[0 0 3 9] 75/7U-Jl/Stl/T®RB, 
tt7 5 y ±y^jmj(.\i7 5 / 1-7 
S.^-4-i-y^)Vm. 2-75/-6-:^75^;^S. 
2-75/-7-:^75';^SXtt2-. S-RlXffSL- 
< tt4 -75 / 7x-;V«Tr*.5. 

CO 0 4 0] R*^-R5 -OOC-Ce H. -NHz S 
^^fc-rS^ttt, Rs ttJfSKtt^lglITft2;S:Vi 
H 0©7;l'4^V>S£^t)U ■€-L/T75ySlijSF* 

[0 0 4 1] ffSLlriJsEi)- (c 2) tt. NH2 SlXtt 

2<B*^»a':3pKa«i2-3. 5 swrsflj-s-tsrc* 

II: 



(fl:6] 




t -coo (CH. CH» O) OC-SXtt-C 

OO (CH2 ) OOC-S (it*, ntt2-6, tfft. 

[0 04 2] ii-r5^» (c2) a. R^mit\t4-7 

S./^mm. 7>h9-;H8. (4-75y7x 

X)Vy^>. ex (4-75>'7x::i>»l/) 
^^'J'H. ex (4-75/7x=;W erhx 1, 3 
-yD/';>JJ:f-;V-ex (4-75/'^>\/X-H 

X (4-75>"<>V^I-h) 

[0 0 4 3] ^j^)- (c 3) thxmmt^t^mzmt^ 

ee>J v>om«i«S|tt2. 3' 2, 4' -, 3. 

3' 4. 4' -xrjt, ff*u<»2. 2' -eeu 

J:n6©«» (c3) ». ±1375 >^^)- 
(c 1) IkTS (c 2) ±Dt>»*Ka:V»««^Bn?» 

[0 0 4 41 ««3Wli!E» (c 1) RtX (c 2) B, «ft 

«-7W->M«: (b) ©^jDttflCI 
#+->afJi (a) tfi5iJ-«eu<tt^±»c^filRi£:S-& 
TfciVi. dCiHiRlSfi, ii5J&6nfcS««^«l 0 

0-20 otrff ^o^wsuti. 

M©ffi»C*3V»Ttt. »*bliffi«B^i)- (c 1) &i; 
(c2) S^fflS;£:&UTffiffl-r«tt»3J|iBrc»«. 

[0 0 4 51 ±jK©jD<, (c) ymmmii^ 



(6) !»@B¥4-2 2 76 25 

3feMSfiS!l©Sttft:©^»::*55M©ie]5e«ioK']S5^5Stt* 

[0 0 4 6] c©i!$att. m:'&xt^^'ymm<oitib<r> 

^»««EP-A-2 9 52 1 1 K:ra*3nTV»S©-C. 

10 IBS:'^-Xi:TS*5^S!©7* hVi^X Vl&msifimni 
StlTfet). C©fflrici»«x#+>'«MS©itae>©»S^ 

i:bTiS-7P->ffifli:?£^tJ. ^v'HOVv'X h©M 
n ^ ©«6il:«*t*M3tffi«©®fl:fi tm\^< 

[0 0 4 7] »<'<tCi:IC, :^m<O^MM (c) B 

(0 0 4 8] J&£±T©X#+>'«Jlttt, *»W©)ia^ 
tl©X#*->W«g (a) tUTffiffl-rSfcfeCabTl-i 
5. •?-©J:5&x#^^->|»|g©ft#«a|tiKT©fc©r* 

5» [0049] I) 4)'T«f'{C^;ft< t'b2fi©j!j;i<'3p^i/ 

D n D b H U >xtt 13 - ^ ?;px ei' n p t h 

•J > :i t fci t^fr^s jJ? u i"J 

[0 0 5 01 Jij»«#u*;nj«>Ktt, j!^?4«fc'>*< 

i^-il'^'JPK, 7P\iy«t, e/U>K> X'^'J^ 

[0 0 5 1] «»IA«xh5tHn7^';i'e. 4-T>t5';P 
X h 5 b H n ^^'m 's+IJ-b 1< n73';VSXtt4 - 
^ ^^^WA^rtJ-b H □ 7^' Jl«© J: 5 &!ISliC*;Vd?>» 

[0 0 5 2] MJC, «i!I^B7i';PK, -f y7^';i/KXH 

[0053] I I) ^&<t'b2ffl©7JW3-jH4bH 
a*j/juaRiK/xtt7x>'-;H4b Hn:^^5/;i«*W 
50 •r«ft;^<»txed'PDbH'j>xB/j-;<5^;ne!j7 



(7) 

11 

n D h H u > t*» ssi^sns* U if U ->y;l'Xtt# u 

( 0 - ;l U 'yVM X.-7-)V. 

[0 0 5 4] ^;4<t'b2fi©7;i'3-JH4tHo^>' 

3 -:/o/x>-:?:r-;K i. 4-:/3'>s?:t-;v, *'J 

(:t+->T-h9;*5^W» i^Un-;V, 1. 5-'<>i' 
>y>t—}V, 1. 6 —^'^D->i?:i—JV. 2. 4, 6- 10 
'\*-9->hU:*--;K iJ'U-fea-Jk 1, 1. 1-hU 

Ml/lCJl? 'J xbTi^ n □ h H U >T*.5, 
[0 0 5 51 -€-©J;5&X-r;l/t4, 4->J 
t FD^S/J/d'n-^^^^iJ-X fcTJi^ (4-fcHD^5/5'd' 
D's+v'jl/) 2, 2-lfX (4-tHP*'>"> 

;i5^;w DA^-fe- 3 -x>3&> sfesiwan**. 
[0 0 5 61 x4?4^->fl:^igiii. 

xx;W ijt^'X 4, 4' -j^t HD+j'i^7xx;k 
ex (4 -t Hn+->;V7xx;W i, 
1. 2. (4-kHP^'5';P7xX;W 
X^X 2. 2-lf;:^ (4-kHn4=^>';P7xXJW 

DAx 2, (3. 5-i?:/nt-4-t Hd 

+->;U7xx;i/) :/n/^>oj;'5&^:K7x/-;PS'^ 

7'feh7;W7*tH, i'D9-;i'Xtt7;i/7JW7;i'7*tH 

t7xy-;paw^«7xy-;i't, xBias?M^«L so 
< \tmmm^Si i l 9 cd7;1'*;i«i:: j: o^**sm 
sn&7xy-;k «A«4-j^DP7xy-;k 2- 
;< 7 X / u < e 4 - s = 7 X / t 

Ote^iZ^t)> XttH;;^7x/-;i'i:®|g^C<tO±IB 

[0 0 5 71 cn6®XJj?=1r->Kfffltt, i9BC±D«A 

«lfc«W®5H4lTJ.ofiSM»Xttac*J=X:j?+>'«*a§ 

««lCttkX7xy'-;PS'<-Xfr5, W^»SeX7 

7-;i'-cj60, iin*saj:t)'b^ftv>t!x7x>'-;v«s 
^jfifX7x/-;i'AX»±xh7:/ntex7xy-;i/ 

[0 0 5 8] ■5-©<fc5&E«ttii«It?*0J.:3«^^a+ 
;H'-*X-r- airk-OlhiDer ) W "it^&miz^M 

(Bocyclopedia of Cbeoical Technology ) " . f^9 
#. S275-276M CS'x'f. C^WW 7>F SO 



#M74 - 2 2 7 6 2 5 

■!)->:^ (I. Wiley & Sons ) . Xa-H-i'. 19 8 0 

[0 0 5 9] I I I) JPU <.S-if*Ji^ifM fli^ife, 
t < 14i?:t-;i^A.« 1 . 2 - X^' >5>:«— JWXtt 

tfx (4-pi;p*yh^<5';i'7xx;w x-7^;u*>5Sl 
[0 0 6 0] IV) ffisasx^+v/ajjig, «i9A»Jtx 

(2. 3-X3j?+i'5/i?a'<>?^jw x-T^;i., 2. 3 

-X:j?:^'->->i7 D'Og^jl/if IJ i^'J)lX-'T)VX\t 1 . 
2-tX (2. 3-X:^^->'y{;a^>^Jl':i-^'>') X 
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